Abstract-This paper considers the design of a common linear functional observer for two linear time-invariant systems with unknown inputs. A structure for a common observer which only uses the available output information is proposed. Here, for the proposed structure, we show that the simultaneous functional observation problem of two plants is reduced to a problem of designing two observers: The first is a full-order unknown input observer of one of the two systems; the second observer is a common unknown input observer of a system comprises two-connected systems.
I. INTRODUCTION
For a given set of plants, it is always intrigue to know whether there exists a common observer that can observe the states for each of a given set of plants. Such an observer can be used as a robust observer and/or an observer for nonlinear systems.
The simultaneous observation problem has recently been addressed by Moreno [1] for linear time-invariant systems with known inputs. Motivated by this work, this paper considers the problem of designing a common linear functional observer for two linear timeinvariant systems with unknown inputs. Here, our objective is to seek a sufficient condition for the existence and design of a common observer for two linear systems that are subject to unknown inputs.
Let us consider two linear time-invariant systems with unknown inputs as described by°°®
and
are, respectively, the state vector, the unknown input vector, the measured output vector and the vector of signals to be estimated.
C and i L are known real constant and of appropriate dimensions.
The aim of this paper is to use only the available output information, ), (t y i to construct a single linear functional observer, called a Common Functional Observer (CFO), such that it is a linear functional observer for every element of the family of LTI systems described by (1) . Figure 1 shows the block diagram of a CFO. In Figure 1, In the next section, we propose a structure for a CFO. We show that the design of the CFO is reduced to a problem of designing two functional observers for two linear systems with unknown inputs. In Figure 2 , the only information that feeds into the CFO is the output information, ) (t y i . The proposed CFO observer for 1 Φ and 2 Φ consists of the interconnection of two unknown input functional observers (UIFOs), namely 1 Ω and u Ω . In Figure 2 ,
Now, let 1 Ω be an UIFO of the form:°°® Also, let u Ω be a reduced-order UIFO of the 2 F , 2 M and 2 G are to be determined such that ) ( ) (
for the following system:°°°°°°°°®
The following theorem presents an existence condition for the proposed CFO of Figure 2 .
Theorem 1:
There exists a CFO of the structure depicted in Figure 2 such 
Existence of u Ω for u Φ
In the following, we consider the necessary and sufficient conditions for the existence of u Φ . We then conclude that it is indeed almost impossible to have a CFO for two linear systems with unknown inputs. From [3] , u Ω exists if and only if the following conditions are satisfied:
Condition1:
where
First, let us examine 
. From [2, 4] , this requirement is met provided that the following condition is satisfied for 1 Ω :
. This implies that for system 1, the number of outputs must be greater than the number of unknown inputs. Note that this is a rather restrictive requirement since for normal UIO, p m ≤ 
It is easy to see from (7) that, in general,
Thus, we conclude that, Condition 2 is rarely held and therefore it is unfortunate that for the proposed structure of CFO of Figure 2 , it is almost impossible to have a CFO for two linear systems with unknown inputs.
III. CONCLUSION
This paper has proposed a structure for a common observer of two linear systems with unkown inputs. It has been shown that the simultaneous functional observation problem of two plants is reduced to a problem of designing two observers for two linear systems with unknown inputs. Unfortunately, we have shown that it is indeed very difficult to find a common observer for two linear systems with unknown inputs. Unlike that of the case for known inputs [1] , it is very difficult to have a CFO for two systems with unknown inputs.
